Introduction 1
Molybdenum is an important micronutrient for plants acting on the fixation 2 of atmospheric nitrogen by bacteria which promotes the synthesis of new proteins. 1, 2 and complexation occurs at a fixed pH value. Conventionally, an appropriate mixture of 1 extraction and dispersion solvents is rapidly injected into an aqueous solution, resulting 2 in a cloudy emulsion consisting of tiny droplets of the extraction solvent dispersed in 3 the aqueous sample. The large contact surface area between aqueous and organic phases 4 leads to the establishment of a fast chemical equilibrium. As a result, analytes are 5 transferred into the organic droplets. Afterwards, the cloudy emulsion is centrifuged to 6 achieve phase separation. Finally, the analyte rich phase is removed and analyzed for 7 determination of analytes by an appropriate instrumental technique. 8 In order to enhance the extractant phase dispersion, vortex-assisted DLLME has been introduced by Yiantzi et al. , 12 The use of vortex agitation to disrupt the 10 extractant phase reduces the consumption of organic solvents, because the use of a third 11 component (i.e., disperser solvent) is not needed.
12
Several atomic spectrometric techniques have been combined with DLLME 13 for Mo determination. Some techniques such as ETAAS 13 and LIBS 9 require a very low 14 amount of sample for analysis.
15
Flame AAS is widely used as a simple and inexpensive technique. 5 A
16
strategy based on the use of vortex assisted solidified organic drop (VA-SOFDME) 17 microextraction combined with FAAS using discrete nebulization was proposed by 18 Oviedo et al. 5 for the determination of Mo in corn roots and leaves. The use of discrete 19 injection for Mo determinations in various samples was further investigated by Oviedo 20 et al., 14 and it was demonstrated that this procedure is sensitive and efficient for the 21 determination of Mo in situations in which low sample volume is available and the
22
sample consumption by the chosen determination technique is elevated.
23
In contrast, few papers proposed the combination of DLLME and ICP- All reagents used were of analytical grade. Solutions were prepared using However, the 8-HQ concentration was increased from 0.1 to 0.5 % m v -1 in order to 11 guarantee an excess of complexing agent in digests of plant samples. for the developed software is displayed in the Supplementary Material (Table S1 ).
20
A representation of the experimental setup for introduction of the extract is 21 shown in Figure 1 . Two different types of propulsion tubes were used depending on the The program for controlling the solenoid valve was implemented in four Step 2). The discrete extract injection was executed 6 times (6 cycles).
13
In each cycle, the solenoid valve was first switched to the sampling position, and the 1- and between injections, a 20 s cleaning step was used (Step 4). It is also important to 16 mention that during the whole discrete injection procedure the continuous nebulization of the HNO 3 solution was necessary to clean the spray chamber, and also helped to 1 prevent the deposition of carbon residues on the quartz torch. Thus, the integrated area of the first peak was not considered for any calculation in this 22 work, and all calculations were based on the 5 subsequent peaks (n = 5).
23
It is important to highlight some facts related to sample throughput. 
5
Just for comparison purpose, the total analysis time is 50 min without using the DLLME step. Finally, it should be borne in mind that ten samples could be simultaneous 7 digested and they could be extracted at the same time, therefore, a throughput of 5 8 samples per hour could be analyzed using DLLME-ICP-OES. The performance for the developed procedure was evaluated using Mo(VI) 10 aqueous reference solutions. Table 2 shows the figures of merit obtained for the factor was calculated as the ratio of sensitivities obtained with and without DLLME 21 procedure. The high enhancement factor achieved is due to the fact that the organic 22 extract was introduced into the plasma without an additional dilution step as needed in 23 several procedures previously described in the literature 5, 10, 16 . However, it is important 24 to highlight that the organic extract is diluted in the aerosol phase inside the spray 1 chamber, since the HNO 3 solution is continuously introduced.
2 Table 2 . Figures of merit of DLLME-ICP-OES and ICP-OES. Sensitivity DLLME-ICP-OES/ Sensitivity ICP-OES. c LOD ICP-OES/LOD DLLME-ICP-OES As can be observed in Table 2 , the relative LOD value obtained was not 4 enhanced by the same extent to the corresponding enhancement factor (i.e., relative 5 sensitivity). Since LOD value depends on both sensitivity and standard deviation of the 6 blank signal, the comparatively high LOD obtained in DLLME-ICP-OES can be mainly 7 attributed to the increment of the standard deviation of the blank signal when the 8 organic extract was introduced. In fact, the standard deviation of the blank signal for 9 DLLME-ICP-OES was 6 times higher than that obtained for ICP-OES. introduction. Thus, the use of an automatic sample introduction system improved the 4 precision of the developed procedure.
The LOD procedure obtained in our work is comparable to the one obtained by 6 Oliveira et al. 25 , but it is important to mention that the extraction procedure carried out 7 by these authors consumed large volumes of concentrated NH 4 SCN and SnCl 2 8 solutions, and methyl isobutyl ketone which can be potentially toxic to the analyst with 9 repetitive exposure. The main advantage of the microextraction procedure is to achieve 10 similar performance consuming less organic solvents and hazardous substances.
11
The combination of SPE and ICP-OES proposed by Azeredo et al. 26 led to ) of the liquid sample introduction 14 system used (i.e., ultrasonic nebulizer). However, the performance of the SPE procedure 15 relies on the preparation of the absorbent, which might be a time consuming and 16 laborious procedure.
17
The combination of LLE and LLME for determining Mo in plants using 18 fiber optics-linear array detection spectrophotometry (FO-LADS) and UV-Vis 
Determination of Mo in plant materials
To assess the accuracy of the developed procedure, Mo was determined in three certified reference materials (Table 4) . According to a t-test, the determined concentrations were in agreement with the certified values at a 95% confidence level.
Recoveries ranged between 98 -102 % and the confidence intervals found were in the range of 0.017 -0.14 mg kg -1 . The procedure was applied for the determination of Mo in three samples of sugar cane leaves (Table 4) . A range of concentrations of 0.12 -0.41 mg kg -1 were found and the confidence intervals ranged from 0.08 -0.09 mg kg -1 .
Sugar cane leaves samples used in this work were part of an experiment aiming genetic improvement and development of new plant specimens. Recovery ± combined standard uncertainty.
Conclusions
As demonstrated here, DLLME proved to be a valuable tool for the separation and pre-concentration of Mo in plant samples. The use of the new automatic system combined with the FBMN-based system for insertion of extracts into the ICP-OES instrument proved to be efficient for the introduction of the organic analyte-rich phase without any additional dilution step, consuming low extract volume, improving precision and decreasing the amount of waste generated. The addition of ascorbic acid to the samples prior to the microextraction procedure was important for avoiding the formation of insoluble hydroxides. Finally, the developed procedure is applicable for accurate determination of trace concentrations of Mo in plant samples by ICP-OES.
